D-Helix-deleted bovine pancreatic phospholipase A2 was designed using molecular mechanic calculations, and synthesized. Effects of the deletion on the enzymatic activity and on the structure were investigated. The enzymatic activity of the mutant protein was about 40 % of that of the native one for a miceller substrate of 1,2-dioctanoylphosphatidylcholine.
elucidate the structure and function of protein molecules. Along with many kinds of single site mutations, it is also an useful approach to mutate and delete the whole of the secondary structure such as a-helix or /?-sheet.
Phospholipase A2 (PLA2) (EC 3.1.1.4) is an ubiquitous enzyme which specifically hydrolyzes the ester bond at the C2 position of 1 ,2-diacylphosphoglycerides. PLA2s from the mammalianpancreas and platelets have homologousprimary structures to those of snake venomPLA2s, and calcium ion is required for enzymatic activity.1~3) Since these enzymes have higher activity on aggregated substrates, it is considered that the enzymes recognize the lipid-water interface.*) Three-dimensional structures of some PLA2s have been analyzed.4~8) Bovine pancreatic PLA2 is a monomeric enzyme which has five a-helices (A to E) and one antiparallel /?-strand.4'5) However, snake venom PLA2s lack the amino acid res-633 idues corresponding to the region of the fourth short a-helix (D-helix) in pancreatic PLA2s, while in all pancreatic PLA2s D-helix regions are conserved.X) The role of the D-helix is still obscure, althouth some speculations have been brought up.9)
Wethus attempted to delete the D-helix of bovine PLA2 to obtain information about the role of D-helix. In this article, the design and production of D-helix-deleted bovine PLA2 mutant protein (JD-PLA2), its enzymatic activity and the results of 1 H NMRanalysis of the mutant protein in solution are described.
Materials and Methods
Model building ofmutantprotein. The model structure of d-PLA2 was constructed using molecular mechanics calculations and computer graphics on a DEC VAX8600 computer and an Evans and Sutherland PS 300 system. The programs CHARMM and HYDRAwere used for the energy minimization and the graphics display, respectively.
The X-ray crystallographic coordinates of bovine PLA2, f Present address: School of Pharmaceutical Science, Kitasato University, Shirokane, Minato-ku, Tokyo 108, Japan. Abbreviations: PLA2, phospholipase A2; bovine PLA2, bovine pancreatic phospholipase A2; zlD-PLA2, D-helix deleted bovine pancreatic phospholipase A2; diC8-PC, 1,2-dioctanoylphosphatidylcholine; DTNB, 5,5/-dithiobis(2-nitrobenzoic acid); NMR,nuclear magnetic resonance; TPCK, L-(l-tosylamido-2-phenyl)ethyl chloromethyl ketone.
refined to 1.7A resolution5' were used as the starting coordinates. Energy minimization10' was applied to the initial model that lacked six residues, to idealize the peptide bond geometry in the regions where the polypeptide chain bond was to be annealed. Energy was minimized further in a 20A sphere of bulk water using a box of water, obtained from a MonteCarlo simulation,ll' to refine the structure.
Production ofAD-PLA2. JD-PLA2was produced essentially as previously described.12'
The DNAfragment between the Hind III and Asu II sites of the synthesized PLA2 gene was substituted for a newly synthesized one which encoded the designed D-helix-deleted amino acid sequence. The mutant PLA2gene was inserted into the E.
coli-yeast shuttle vector pAT405, and pro-zlD-PLA2 was produced using the yeast secretion system. PLA2 activity measurement and kinetic analysis. PLA2 activity was measured by the methods previously reported.13'16'17 ' As a pH stat, a Titra Lab system (Radiometer Analytical) was used, and titration was done at 45°C under argon gas atmosphere. The substrate 1,2-dioctanoylphosphatidylcholine (diC8-PC, Avanti PolarLipids, Inc.) was used. The substrate mixture contained 0 to 10 mMdiC8-PC, 50him calcium chloride, 0.5 mMEDTA, 0.1 m sodium chloride, and 0.5mM Tris, and was adjusted to pH 8.0 and 2.95ml of total volume before adding enzyme solution. Fifty /A of enzyme solution contained 0.25 ng ofenzyme and 25fig of BSA as carrier was added to the above solution. The octanoic acid released was titrated with 10mM sodium hydroxide. Initial velocities were plotted according to the Michaelis-Menten equation, and the Michaelis constant (Km) and catalytic constant (fccat) were calculated.
Measurement of calcium binding. PLA2 activity was measured in various calcium concentrations from 0 to 50mM.The enzymatic activities were in proportion to the amounts of active enzymes that bound calcium ions (data not shown). The ratio of these velocities to maximum velocity is therefore thought to correspond to the saturation concentration of the protein for calcium ions. The data obtained was treated to calculate the dissociation constant (Kd) in accordance with the method of Fletcher et al. 18 ) for the Scatchard model of ligand-protein interaction. 19) lH NMRanalysis. NMR spectra were recorded on a JEOL JNM GX-500 lH 500MHz NMRspectrometer. amino acid residues from Asp59 to Asn67 were replaced by three amino acid residues containing a Cys, Gly-Cys-Tyr (Fig. 1) . This sequence often appeared in this region of elapid snake PLAjS.1-20-2" A molecular model of the tertiary structure of this designed mutant protein was constructed (Fig. 2) . Comparing with the The parts ofamino acid sequences that are not shownhere are the same in both native PLA2 and zlD-PLA2. The secondary structures and a disulfide linkage of native PLA2 around D-helix5) are also shown schematically. The sequence numbering is for native PLA2. In zlD-PLA2 9 residues of native PLA2 were substituted for 3 residues, GCY. The mutation of the purified protein was confirmed by peptide mapping and amino acid sequence analysis after pyridylethylation. A shifted peak in the map of zlD-PLA2 was collected and its N-terminal amino acid sequence was found to be Lys-Leu-Glypyridylethylated Cys-Tyr-Pro-Tyr-Asn-Asn-(data not shown). This sequence corresponds to the designed one, and it was confirmed that the primary structure of the mutant protein is as expected one.
To confirm the formation of a disulfide bond by the newly introduced cysteine residue, sulfhydryl groups were measured. Only The kinetic parameters were measured by the hydrolysis of diC8-PC above the critical micelle concentration. Fromthe LineweaverBurk plots of the native and mutant enzymes a Michaelis constant (Km) and catalytic constant (kcat) were calculated (Table I ). Both zlD-PLA2 and native PLA2have the same Km, although the kcat of z1D-PLA2 was about 40% of the native one. This suggests that the mutation did not change the affinity for the micellar substrate, but decreased the ability to hydrolyze.
The dissociation constants of ZlD-PLA2 and the native enzyme for calcium ions were 1.1 iriM and 4.2mM respectively, by Scatchard analysis.
This indicates that z1D-PLA2 binds calcium more tightly than the native enzyme.
1H NMRspectra
To obtain information on the induced structural change in zlD-PLA2, 'H NMRanalysis was done. Figure 3 shows 'H NMRspectra of native PLA2 and zlD-PLA2 in D2O solution.
In spite of the deletion ofD-helix in zlD-PLA2, the spectra were similar, showing that an appreciable conformational change does not occur. For more structural information, the DQF-COSY and HOHAHA spectra of ADPLA2were analyzed and aromatic proton resonances were assigned to the specific types of amino acid residues. The aromatic proton resonances of zdD-PLA2 were subsequently assigned to the specific residues compared with those of native PLA2(manuscript in preparation). On the basis of these assignments, the chemical shits of the aromatic proton resonances of zlD-PLA2 and native PLA2 were compared. Some of the aromatic proton res- An article on D-helix-deleted pancreatic porcine PLA2 was published during the preparation of this manuscript.240
In this case, no structural changes of the active site residues were detected by X-ray crystallographic studies, although some structural change in this region should have occurred because the calcium binding activity and the catalytic activity were changed. It seems that NMR analysis is effective in detecting a slight structural change in solution.25'26) It may be possible to detect some structural changes in the porcine mutant enzyme, as well as in the case of bovine mutant enzyme.
